Real estate is an important investment asset class yet this asset class poses considerable problems for portfolio managers because of reliance on appraisals in valuing direct real estate investment and the equity like behaviour of listed Australian real estate investment trusts (ASX 300 A-REITs). Analysis is based on quarterly returns spanning the period from the 3 rd quarter 1986 to the 3 rd quarter 2009 using various combinations of the Australian All Ordinaries share price index and three classes of property investment. Comparison of Sharpe measures across a range of portfolios suggest that diversification benefits can be achieved through diversifying into real estate investment, particularly direct investment in residential real estate, given an initial exposure to the equity market.
Introduction
The importance of real estate investment, a major investment asset class for individual Australian investors, is likely to increase with growth in Australian superannuation contributions and further development of the Australian economy. While individuals may see real estate as a safe asset for longer-term investment, this attraction to real estate is not so evident with professionally run pension or superannuation funds (Blake et al. 1999; Hudson-Wilson et al. 2003) .
Real estate consists of heterogeneous, often illiquid assets, though it has been argued that this asset class should form an important part of a well-diversified investment portfolio (Brounen & Eichholtz 2003; Hudson-Wilson et al. 2003; Lee & Stevenson 2005) . Real estate can be purchased (direct investment) or investment can take place through land held by listed companies or more directly through listed or unlisted entities such as REITs (indirect investment). Direct investment can impose considerable liquidity and transaction costs. There are also problems with valuation of this asset class due to reliance on costly and often infrequent appraisal based valuation. Indirect investment in real estate investment trusts (listed REITs) and real estate mutual funds (REMF) offer more liquid investment vehicles (Feldman 2003) though research concerning these vehicles is inconclusive, with both support for (Brounen & Eichholtz 2003) and criticism of (Byrne & Lee 1995; Clayton & MacKinnon 2001; Georgiev et al. 2003 ) these approaches to real estate investment in the literature.
Appraisal methods used in the valuation of direct real estate investments generate valuations that are smoothed over time. Smoothing can have a considerable impact on the time series behaviour of real estate prices, with one study reporting US direct real estate return volatility (3.4% p.a.), about half the volatility calculated for REITs (7%-8%) (Giliberto 1993 (Giliberto , 2003 . Further, valuations tend to occur infrequently and so it is likely that stale valuations will be included in the calculation of real estate indices. Corrections for smoothing include, more careful index calculation (Geltner & Goetzmann 2000) , simple statistical adjustment (MacGregor & Nanthakumaran 1992; Newell & MacFarlane 1996; Cho et al. 2003; Georgiev et al. 2003) and increasing the return estimation period to minimise the impact of smoothing (Byrne & Lee 1995) . Index recalculation requires access to pricing information for each of the individual properties that make up the index and so this alternative is not possible given the nature of the data used in this study. As a result simple statistical adjustment is used to gain a more precise indication of the benefit of direct investment in Australian real estate. Further, indices used to capture the performance of indirect investment in listed REITs are observed to suffer from microstructure effects (Brounen & Eichholtz 2003) and so hedged quarterly returns are calculated for this asset class using the A-REITs subindex of the ASX300 share price index.
Mutual funds do invest in real estate both locally and globally (Higgins 2007) , accounting for around 10% of UK and 5% of US portfolio investments (Blake et al. 1999) . Published The main contribution of this paper is in the comparison of the impact of direct and indirect real estate returns on portfolios in an Australian setting. There are two main analyses to be completed. The first is analysis of the relations that exist between listed A-REITs and direct real estate investment returns, where A-REIT returns are corrected for their equity market component (Georgiev et al. 2003) and direct investment indices are corrected for smoothing that could arise from appraisal based valuation and use of stale valuations in real estate index calculations (Brounen & Eichholtz 2003; Georgiev et al. 2003) . The second provides an analysis of the impact of real estate investment on portfolio performance where the portfolio consists of a well-diversified share portfolio and real estate investments.
Data description
The data used in this study consist of quarterly returns calculated for the Australian share market and three real estate investment classifications (listed A-REIT, commercial real estate and residential real estate) over the period from December 1985 through to September 2009. The Australia Securities Exchange All Ordinaries Share Price Accumulation Index is used to capture returns to share investment and is adjusted for both capitalisation changes and dividends.
Returns to direct commercial real estate are calculated using the IPD/PCA Property Investors Digest Series (Composite) Index an index. There is no total return index available for direct investment in residential real estate over the period of this study and so this return series is calculated using a house price index and a rental return index obtained from the Australian Bureau of Statistics. Rental returns on private real estate are reduced by 12% to account for outgoings associated with managing residential real estate.
Given the use of appraisal values and the illiquid nature of direct investment in real estate, a common adjustment for smoothing in the quoted indices is based on the assumption that the smoothed data follows an autoregressive process, say an AR(3) process. The Australian Securities Exchange S&P 300 A-REIT index provides a measure of returns to listed Australian real estate investment trusts. It has been argued in the literature that listed real estate trust data exhibits excessive volatility driven by general share market movements. A commonly used adjustment for this effect is to remove the broad share market movements using a hedged portfolio. The hedge ratio is obtained in the usual way from a regression of the real estate trust index returns on a share market index. [Insert Table 2 about here]
The volatility of the hedged ASX300 A-REIT index returns (0.0671 per quarter for Rareit(h)) is somewhat lower that of the unhedged index (0.0913 per quarter for Rareit) consistent with the hedging adjustment used to remove general equity market volatility. The reduction in standard deviation of around 30% is somewhat greater that noted by Georgiev et al. (2003) for the NAREIT hedged returns. The volatility for adjusted commercial property and for hedged A-REITs is approximately 6% per quarter while the volatility for the adjusted residential property is around 4% per quarter.
The All Ordinaries share price index returns volatility per quarter is 0.0941 per quarter, which is fairly close to the volatility of the unadjusted A-REITs return series (0.0913 per quarter).
The 90-day bank accepted bill yields have average return of 0.0198 per quarter with volatility of 0.0101 per quarter. These yields are used in calculation of risk free rate adjusted rates of return for the Sharpe ratios that are calculated for the various portfolios reported in the analysis that follows.
Serial correlation coefficients are reported in Panel B of Table 2 for each of the variables.
Bank accepted bill yield serial correlation coefficients are large and generally statistically significant suggesting that these yields follow either unit root or near unit root processes though given the magnitude of the yields and the fact that they are used to adjust the considerably more volatile asset class returns we do not attempt to adjust for this characteristic of the data. Serial 
Analysis
The performance of direct investment in commercial and residential real estate as well as listed A-REIT asset classes is compared in Table 3 . The comparisons are provided using both raw returns and risk free rate adjusted returns where R P is the real estate portfolio return, R P A is the adjusted real estate portfolio return, R P − R f is the real estate portfolio return less the 90-day bank accepted bill yield and R P A − R f is the adjusted real estate portfolio return less the 90-day bank accepted bill yield. The average return, standard deviation in return, Sharpe ratio or information ratio and the rank attached to these ratios are reported in Panel A using all available data, from the 3 rd quarter 1986 to the 3 rd quarter 2009. To gain some insight into the stability of the Sharpe or information ratio analysis, sub-period analysis is also provided in Panel B for sub-periods, the 3 rd quarter 1986 to the 1st quarter 1998 and the 2 nd quarter 1998 to the 3 rd quarter 2009.
[Insert Table 3 about here]
The Sharpe ratio reported in Table 3 is defined as:
Sharpe ratio = R − R f σ and the information ratio is defined as:
Information ratio = R σ Portfolios used in Table 3 include 100% investment in each of the three real estate asset classes, 50% investment in pairs of the real estate asset classes and one-third investment in each of the three real estate asset classes. Based on Sharpe ratio, a 100% direct investment in residential real estate ranks first or second amongst the alternatives, while a 100% investment in A-REITs is generally the worst performing of the real estate asset classes with a rank of 7 in most cases. Equal investment in residential real estate and A-REITs also performs poorly, with a Sharpe ratio rank of 6 in most cases (see Panel A). These results appear robust to choice of period used in analysis with little variation between the total study period, 1986 quarter 3 to 2009 quarter 3, and sub periods, 1986 quarter 3 to 1998 quarter 1 and 1998 quarter 2 to 2009 quarter 3.
The reported results are sensitive to adjustment made for smoothing in the commercial real estate series and the residential real estate series, particularly for direct investment in commercial real estate where the adjusted returns result in stronger relative performance for the commercial real estate asset class. Yet, the hedging adjustment for the A-REITs has little impact on Sharpe ratio based rankings reported in panels A or B of Table 3 .
In Table 4 the All Ordinaries share price index is used as a proxy for a well-diversified portfolio of shares. Portfolio proportions used in analysis consist of 95% shares with 5% real estate and 90% shares with 10% real estate reflecting the average levels of real estate investment reported for the US and the UK mutual funds respectively. Given the results reported in Tables 2 and 3 it seems appropriate to focus on the results from analysis of the adjusted real estate returns in Table 4 though the results for the unadjusted data are similar.
[Insert Table 4 about here]
The best performing portfolios in terms of Sharpe ratio and information ratio consist of shares and direct investment in residential real estate with this combination generally ranking first amongst the alternative combinations of shares and real estate portfolios. This result is also quite stable across the sub-periods as can be seen from Panel B of Table 4 . Further, some combination of shares and direct real estate investment is always preferred to holding a well-diversified share portfolio alone. Portfolios of shares and A-REITs generally rank worst (8), though ranking is less consistent with combinations of shares, A-REITs and direct investment in property changing with sub-period and choice of metric. Finally, the choice of whether 5% or 10% is allocated to real estate has little impact on the Sharpe ratio or information ratio based ranking of the portfolios. (1) is the smoothing adjusted RCom series using an AR(1) model. RCom, AR(3) is the smoothing adjusted RCom series using an AR(3) model. RRes is the continuously compounded return on direct residential real estate calculated using the house price index and rental return index obtained from the Australian Bureau of Statistics with 12% imputed management cost. RRes, AR(1) is the smoothing adjusted RRes series using an AR(1) model. RRes(1&3) is the smoothing adjusted RRes series using an AR model with lags one and three. Rareit is the continuously compounding return on the Australian Securities Exchange S&P 300 A-REIT index, Rareit(h) is the continuously compounded return on the Rareit index hedged for equity market risk using the all ordinaries share price index, Rallord is the continuously compounding return on the Australia Securities Exchange All Ordinaries Share Price Accumulation Index, BAB90 refers to the 90 day bank accepted bill rate quoted at the beginning of the quarter expressed as a continuously compounding rate of return. Mean, median, standard deviation, maximum and minimum for the continuously compounding return series continuously compounding return on the Australian Securities Exchange S&P 300 A-REIT index. The hedged return is hedged for equity market risk using the all ordinaries share price index. The 90-day bank accepted bill rate quoted at the beginning of the quarter expressed as a continuously compounding rate of return is used as a measure of the risk free rate of return ( R f ). Mean, standard deviation, Sharpe ratio or information ratio and ratio rank are reported in Panel A for various real estate portfolios using continuously compounding quarterly returns series. 
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